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elements may be uncovered, and more advances in
enzyme design will be possible.
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Eukaryotic Initiation Factor 4G forms the core of the
translation initiation complex. Bellsolell et al. report
the structure of its C-terminal region as two HEAT do-
mains that define a new class and map binding sites
for its regulatory factors (Bellsolell et al., 2006).
Initiation of mRNA translation in eukaryotes is subject to
complex regulation and involves a large number of initi-
ation factors (eIFs) that coordinate recruitment of 50-
capped mRNA and the ribosomal subunits (Figure 1A).
This control is valuable for eukaryotes as it can be local-
ized in cells and act very rapidly, without the need to wait
for regulation at the transcriptional level. In some cases,
transcription may even be switched off completely, such
as in reticulocytes (immature red blood cells), where glo-
bin production must be regulated but the nucleus no
longer functions, and in early development. Errors in
translational regulation, such as those caused by muta-
tion in eIFs, are found in various human diseases, espe-
cially cancers (Abbott and Proud, 2004; Watkins and
Norbury, 2002).
Cellular eukaryotic mRNAs are capped at their 50 ter-
minus with a modified base (m7G) and 50-50 phosphate
linkage, with the exception of those in organelles.
eIF4E binds the cap and carries it to the core scaffolding
protein eIF4G (Figure 1A). The poly(A) tail of the mRNA is
bound by poly(A) binding protein (PABP), which is itself
bound by eIF4G, circularizing the message. eIF4G also
binds MAP kinase signal-integrating kinase 1 (Mnk1)
that regulates eIF4E activity by phosphorylation. An
ATP-dependent helicase, eIF4A, also binds to eIF4G
and serves to unwind double-stranded RNA to help ex-
pose the AUG start codon. The complex of eIF4A, eIF4G,
and eIF4E is known as eIF4F (Gingras et al., 1999). eIF2,
in the GTP bound form, recruits the initiator methionyl-
tRNA (Met-tRNAi
Met) to the 40S subunit of the ribosome
to form a ternary complex, which is in turn recruited to
eIF4F by eIF3, which binds both the 40S subunit andeIF4G. The Met-tRNAi
Met then scans the message to
find the initiator AUG codon, at which point translation
can begin.
In humans, eIF4G is a large protein of over 1500 amino
acids that can be cleaved into three approximately equal
regions by picornavirus proteases. The N-terminal re-
gion binds eIF4E and PABP, while the middle region
(4G/M) has binding sites for eIF4A and eIF3. These re-
gions are essential for cap-dependent translation and
separating them by cleavage is inhibitory. Viral prote-
ases carry out this cleavage in order to favor translation
of the viral mRNA, which is uncapped and initiates from
an internal ribosomal entry site. The C-terminal region
(4G/C) is only present in higher eukaryotes, but not in
yeast or C. elegans, and has additional regulatory func-
tions, with binding sites for Mnk1 and eIF4A. For in-
stance, recruitment of Mnk1 stimulates cap-dependent
translation as a result of phosphorylation of eIF4E. In
this issue, Bellsolell et al. report the structure of the
C-terminal region of the scaffolding protein eIF4G from
humans.
Previous work by the Burley group showed that the
structure of the 4G/M region contains a typical a-helical
HEAT-repeat (HR) domain (Marcotrigiano et al., 2001).
HEAT repeats were first identified by Andrade and
Bork (1995) in Huntingtin, EF3, PR/65A subunit of
PP2A, and Tor1 and are common in proteins associated
with translation. Each HR consists of two helices joined
by a short loop, and they typically pack sequentially
with interrepeat twist angles of +20º, with occasional
values of about245º, typically resulting in extended su-
perhelical structures. Figure 1B shows the structure of
PP2A (Groves et al., 1999), which has 15 HRs, with the
first five in a similar arrangement to the HRs in 4G/M.
In contrast, 4G/C contains two HEAT domains, 4G/C1
and 4G/C2, where all the interrepeat twist angles are
about245º (compare Figure 4A to Figure 4B in Bellsolell
et al.). This unexpected arrangement results in a novel
fold, which is much more compact than other known
HEAT domains and represents a new subclass. Burley
and coworkers go on to identify specific clusters of
hydrophobic residues that favor this arrangement and
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807Figure 1. Schematic View of Translation Initiation Complex and Structure of a Typical HEAT Domain
(A) Schematic view of translation initiation complex organized by eIF4G. eIF4G forms a scaffold for assembling the initiation complex by bind-
ing the cap binding protein eIF4E, the PAPB bound poly(A) tail (to circularize the mRNA), the helicase eIF4A, and eIF3 that brings with it the
ribosomal 40S subunit with Met-tRNAi
Met recruited by eIF2. eIF4A unwinds RNA secondary structure to assist the tRNA in scanning for the
AUG start codon. Mnk1 regulates eIF4E by phosphorylation. The factors shown represent the core complex, but there are a number of addi-
tional protein factors that have roles in regulation.
(B) Structure of a typical HEAT domain—the PR65/A subunit of Protein Phosphatase 2A (PP2A). The archetypal 15 HEAT repeats of PP2A are
alternately colored brown and blue (PDB 1B3U). The first five repeats, HR1-HR5, are oriented approximately as for the central 4G/M domain of
eIF4G in Figure 4B of Bellsolell et al. (2006) for comparison. In the C-terminal 4G/C domains, the HEAT repeats are arranged quite differently
(see Figure 4A of Bellsolell et al.)show by sequence analysis that such atypical HEAT do-
mains probably also occur in other proteins, in addition
to previously annotated eIF4Gs and paralogs (Bellsolell
et al., 2006).
The binding site for Mnk1 lies in the second HEAT do-
main, 4G/C2, and contains two essential AA boxes (aro-
matic and acidic residues). The structure presents the
first view of this motif, although the second box lies at
the end of the last helix of the domain, which was missing
from the crystallized construct. The aromatic residues
contribute to the hydrophobic core, while the acidic
ones are exposed on the surface to form a negatively
charged patch, probably complementary to a stretch of
eight basic amino acids (RK box) in Mnk1. The site for
eIF4A binding had been previously mapped to residues
1241–1451 of eIF4G, which lie in the first HEAT domain
4G/C1 (Morino et al., 2000). Bellsolell et al. performed
structure-based mutagenesis to locate the eIF4A site
more accurately, taking into account conservation in
various eIF4Gs, and seeking features dissimilar to the
homologous protein p97/DAP5 that does not support
eIF4A binding. Three previously unidentified regions
contributing to eIF4A binding were located, and several
other predicted sites ruled out. One of the validated sites
is a cluster of glutamates, organized by a central arginine
side chain. A further conserved patch on 4G/C1 does not
contribute to eIF4A binding and is proposed to interact
with other components of the translation initiation
machinery.Overall, Bellsolell et al. have shown that HEAT repeats
can pack in a new way that does not lead to the ex-
tended domains seen in previous structures and identi-
fied sequence features that suggest this arrangement
may be more widespread.
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